Pulmonary tuberculosis remains one of the most dangerous communicable diseases. More than two billion people are estimated to be infected with Mycobacterium tuberculosis. In 2017, approximately 10 million individuals became ill with tuberculosis,among them 2.79 million individuals were active cases, 1.6 million died among which 0.3 million died with coexistent HIV infection. Prompt diagnosis of active tuberculosis facilitates timely therapeutic intervention and minimize the community transmission. As tuberculosis is a global problem, for eradication of the disease, early diagnosis, timely identification and improved detection is essential. The diagnosis of tuberculosis is challenging in cases of insufficient sputum and paucity of bacilli. With this background, this study was planned to compare Ziehl-Neelsen's stain, Fluorescent stain and CBNAAT (Cartridge based nucleic acid amplification test) as per RNTCP guidelines.
INTRODUCTION
Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. In 2017, approximately 10 million individuals became ill with TB, among them 2.79 million individuals were active cases.
1.6 million died, among which 0.3 million died with coexistent HIV infection. [1] The diagnosis of pulmonary tuberculosis should be suspected in patients with relevant clinical manifestations (cough >2 to 3 weeks duration, lymphadenopathy, fever, night sweats, weight loss) and relevant epidemiologic factors (history of prior TB infection or disease, known or possible TB exposure, and/or past or present residence in or travel to an area where TB is endemic). Patients being evaluated for pulmonary tuberculosis who pose a public health risk for transmission should be admitted and isolated with airborne precautions. According to WHO, tubercular infections are currently spreading at the rate of one person per second per million people in our country. [2] There are various methods of bacteriological diagnosis of TB. Tuberculosis commonly affects lungs but can also be extra pulmonary. Hence, microscopic examination of sputum for detection of acid fast bacilli is of utmost importance. Early detection can prevent further complications. As per Revised National Tuberculosis Control Program (RNTCP) or World Health Organization (WHO), an individual with at least one sputum smear positive for AFB or culture positive for tubercle bacilli is labeled to be suffering from pulmonary tuberculosis. Most of the TB cases are diagnosed based on sputum smear microscopy. The search for rapid and efficient method has resulted in several modifications of Ziehl-Neelsen's stain and fluorescent stain. Microbiological diagnosis is essential for effective and prompt treatment of pulmonary tuberculosis. WHO also recommended a Real-time PCR test (CBNAAT) as a primary diagnostic modality. [3, 4] 
METHODS
Quality specimens are vital for the laboratory diagnosis of TB and Sputum is the most frequent specimen collected for TB testing. Sputum is a respiratory secretion originating from deep within the lungs. Patients are instructed on the difference between sputum and saliva or nasopharyngeal secretions and the necessity for a deep, productive cough. Sputum specimens are collected under the direction of a trained healthcare professional. Specimens are collected in sterile, clear, plastic, leak-proof and wide-mouthed sterile containers. The comprehensive study was conducted at MGM hospital where a total of 188 sputum samples were collected and subjected to Ziehl-Neelsen's stain, fluorescent stain and CBNAAT. [5] 100 sputum samples taken as controls were negative by Ziehl-Neelsen's stain, fluorescent stain and CBNAAT [ Table 1 ].
The diagnosis of Pulmonary Tuberculosis by demonstration of acid fast bacilli in sputum smears by ZN stain is cost effective. [6] They stain with carbol fuchsin, which is a red dye. They retain the dye when treated with acid, because of the presence of mycolic acid in their cell wall. The decolorizing agent used is 20% H 2 SO 4 .
Fluorescent stain by Auramine is another method of staining technique. In this technique, the smear is made from the specimen and stained with fluorescent stain called Auramine. The auramine stain enters the bacterial cell wall and makes them glow against dark background under UV light. Microscopic examination under low power objective will reveal mycobacterium as glowing yellow-white-like bacteria in the smear. [7] Cartridge based nucleic acid amplification test (CBNAAT) is a recently introduced polymerase chain reaction based method for detection of TB. It is a MTB specific automated, cartridge based nucleic acid amplification assay, having fully integrated and automated amplification and detection using real time PCR, providing results within 100 minutes. [8] It has a highly specific primer and five unique molecular probes to target the rpoB gene of M. tuberculosis, which is the critical gene associated with rifampicin resistance. [9] No cross reactions have been observed with many other bacterial species tested, including a comprehensive band of mycobacteria, there by excluding non-tubercular bacteria.
Inclusion criteria
All adults of both gender suspected to be a case of pulmonary tuberculosis as per RNTCP guidelines were included. Exclusion criteria Samples other than sputum samples, macroscopically resembling saliva were excluded. Sputum samples retrieved with suspected pneumonia cases or from other lower respiratory tract infections were also excluded.
Sample collection method
For initial diagnosis of pulmonary tuberculosis, collect a series of three sputum specimens 8-24 hours apart, at least one of which is an early morning specimen. Optimally, specimens are collected before drug therapy is started as even a few days of treatment may inhibit growth and prevent isolation of M. tuberculosis complex (MTBC). [10] Samples submitted for the initial diagnosis of TB should be tested by both Ziehl-Neelsen's stain, Fluorescent stain and CBNAAT. It is recommended that Nucleic acid amplification (NAA) testing be performed on at least one respiratory specimen from each patient with signs and symptoms of pulmonary TB. All sputum samples received for CBNAAT are subjected to. All sputum samples received for CBNAAT were subjected to Ziehl-Neelsen's stain and fluorescent stain and all the smears were examined microscopically. [11, 12] Ziehl-Neelsen's stain The fixed smears were stained with Ziehl-Neelsen's stain and visualized under an oil immersion microscope (100 × magnification). Each slide was observed for 5-10 minutes, corresponding to 300 fields examined. Samples which were positive and negative for AFB were subjected to fluorescent stain and CBNAAT [ Figure 1 ].
Fluorescent stain
For the smear examination, fixed preparations were stained with Auramine-o stain and examined under fluorescent microscope [ Figure 2 ]. 
CBNAAT

RESULTS
In our study, a total of 188 samples were collected and subjected to Ziehl-Neelsen's stain, fluorescent stain and CBNAAT. The smear positivity rate of Ziehl-Neelsen's stain was 33.5% and for fluorescent stain was 40.9%, while the detection of MTB in CBNAAT was 51.1% [ Table 2 ].
DISCUSSION
India has a long history of research and demonstration projects on TB. The detection of acid fast bacilli was often considered as the evidence of the infected stage. Thus, the laboratory plays a critical role in the diagnosis of TB. In developing countries, microscopy the specimen is by far the fastest, cheapest, and most reliable method for the detection of AFB. However, fluorescent stain has been added in Revised National Tuberculosis Control Program (RNTCP) because of more sensitive and rapid results and can be used in field areas. In the present study, the results showed that from sputum specimen of 188, 63 patients were smear positive with ZN stain and 77 positive with fluorescent stain. These results indicate that Auramine staining of sputum smears is a more sensitive method of sputum microscopy for demonstration of AFB in sputum specimen, compared to Ziehl-Neelsen's stain. The use of fluorescent stain greatly improves the diagnostic value of sputum smear, especially in patients with low density of bacilli that are likely to be missed on Ziehl-Neelsen's stain. This method is economical in both time and cost and recommended for laboratories handling large number of sputum specimens. Fluorescent stain is superior to that of Ziehl-Neelsen's stain in the presence of a low bacterial load as seen in smears with diagnostic cytomorphological featured tuberculosis, in problem areas like AIE (acute inflammatory exudates) alone or with occasional granuloma, AFB positivity by Ziehl-Neelsen's stain is nearly as good as the fluorescent method because bacterial load is high. Using fluorescent staining, the tubercle bacilli when examined under ultraviolet illumination, the bacilli appeared as a bright rod against a dark background. Since there was a contrast, the bacilli were readily seen, and therefore in very less time, a large area could be examined. Images were then captured with the digital camera and enhance through imaging processing techniques. While in, Ziehl-Neelsen's stain acid fast bacilli appear as pink rods in blue background. The potential benefits of automated screening for tubercle bacilli are: rapid, acute, inexpensive; the ability to screen large number of people; increased resources to monitor patients; and reduction in health risk to staff.
The fact that fluorescent stain has difficulty in detecting paucibacillary can be attributed to the fact that only a loop-full of sputum sample was taken to make the smear slides. While 2 ml sputum sample for CBNAAT was used for the process [ Table 3 ]. In a study by Navinchandra, he found out that the sodium hypochlorite concentration technique leads to 44.11% increase in detection of new cases as compare to routine RNTCP method. [13] 
CONCLUSION
CBNAAT is more sensitive and specific in detection of pulmonary TB. An additional feature of rifampicin resistance can also be detected by CBNAAT. Routine investigation with CBNAAT will detect early pulmonary TB as it can detect paucibacillary cases. As there is evolution of MDR bacilli and coexistence with HIV/AIDS, early detection of Pulmonary TB cases is a dire necessity for the control of global pandemic. WHO also recommended a Real-time PCR test (CBNAAT) as a primary diagnostic modality. Therefore, CBNAAT should be used for early diagnosis not to miss the paucibacillary cases as it increases rapid case detection by 10-20% and plays an important role in effective patient management and to control the subclinical spread of the disease in the community [ Tables 4 and 5 ]. [14] [15] [16] [17] But for maximum recovery of mycobacteria, rapid culture methods like MGIT can also be incorporated along with CBNAAT. 
